Chem.
Pharm. Bull. 35 ( 7 12985-2993(1987) Metabolism eluted with 75% aqueous methanol at a flow rate of 0.3 ml/min. Gas Chromatography (GC) and Gas Chromatography-Mass Spectrometry (GC-MS): The above methanol extract of the urine sample was analyzed on a Shimadzu GC-7A unit with dual flame ionization detectors or FPD using a 2-3 m x 0.3 cm glass column packed with 3% OV-1 on 60 to 80 mesh Chromosorb W. Operating conditions were as follows: column temperature, 220 °C; injector temperature, 240 °C; carrier gas (nitrogen) flow rate, 30 ml/min. The above methanol extract was also analyzed on a JEOL JMS-DX 300 wtih a JMA DA 5000 system. The GC column was a 2% OV-1 column (2 m x 3 mm) or a 100% methyl silicone megabore column (5 m).
Enzymatic Hydrolysis of Sulfate and Glucuronide----Equal volumes of bacterial fl-glucuronidase solution (Sigma, Type VII, 130 units/ml in 0.1 M sodium phosphate buffer, pH 7.0) and the urinary sample solution were mixed, filter-sterilized, and incubated at 37 °C for 24 h by the modified procedure of Durston and Ames.'° The urinary sample solution was adjustd to pH 5.0 with 1 M sodium acetate and 0.2 M acetate buffer (pH 5.0). One drop of toluene was added and then the mixture was incubated with sulfatase (arylsulfatase, Sigma Type IV, 6.8 U/ml) in the presence of 50 mm saccharo-1,4-lactone (Sigma) at 37 °C for 24 h.
Acid Hydrolysis of Conjugates I and II The conjugates I and II (about 10 mg) isolated by TLC were each heated with 1 drop of conc. HC1 and water (0.5 ml) on a steam bath for 90 min. Each reaction mixture was extracted with benzene (5 ml) to give aqueous and benzene layers. The benzene layer was proved to contain B (5-HY TBZ) in both cases. The aqueous layer from conjugate I gave a white precipitate of BaSO4 on addition of BaC12 solution, and that from conjugate II gave a spot identical with glucuronic acid on a thin-layer plate with solvent system A (Rf = 0.21) and with ethanol (Rf = 0.15).
Calculations
The half-life of the blood radioactivity data was calculated by least-squares regression analysis using the method of residuals.") The area under the blood concentration-time curve from zero to 4 d and the mean residence time of urinary or fecal radioactivity were calculated from the experimental data by means of the trapezoidal rule, using the program of Yamaoka Assay of Cartilage Proteoglycan in a Mouse Limb Bud Cell System The assay procedure was performed according to the method of Hassell and Horigan.") The limb buds were isolated from pregnant mice and dissected from the day 10 mouse embryos. The limb buds were dissociated in a solution of 0.1% trypsin and 0.1% ethylenediaminetetraacetic acid (EDTA) in calcium-magnesium-free saline to obtain a single cell suspension. Aliquots of 20 jil of this cell suspension were dropped in the center of the wells of 24-wells Costar dishes (5 x 105 cells/ well). The dishes were placed in an humidified CO2 incubator at 37 °C for 2 h to allow the cells to attach and then CMRL medium containing 10% fetal bovine serum was added (0.5 ml) to each well. Compounds to be tested were dissolved in the medium. Medium containing various concentrations of the compounds was changed on days 1, 3 and 5. The accumulation of sulfated proteoglycans, a measure of the extent of cartilage differentiation, was determined by staining with 0.5% alcian blue on day 6. The bound dye was extracted from the cultures with 0.3 ml of 4 m guanidine HC1, and the absorbance of the extracted solution was measured with a spectrophotometer.
Results

Recovery of Administered Radioactivity
Daily excretion was compared between the two groups ( Fig. 1) . Radioactivity in the 24-h urine in the olive oil group was two-fold higher than in the gum arabic group (p <0.05). However, the urinary radioactivity in the gum arabic group was almost constant for 3 d, then gradually decreased (Fig. 1) . Fecal radioactivity in the olive oil group was 10% of the dose in a) b) the first day, increased to 17-18% in the second day, and then decreased (Fig. 1 ). In the gum arabic group, the fecal label gradually decreased with time ( Fig. 1) . Recovered radioactivity in the olive oil group was higher up to day 2, but lower between day 3 and day 4 than in the gum arabic group. Pregnant mice of both groups excreted cumulatively ca. 97% of the dose in their urine (60-62%) and feces (34-37%) within 7 d.
Mean residence times (MRT)11) of the urinary radioactivity were smaller in the olive oil group (29.84 + 5.88 h) than in the gum arabic group (44.06 + 12.31 h) (p < 0.1), while the MRT of the fecal label was similar between the olive oil group (36.95 + 8.06 h) and the gum arabic group (36.84± 11.36 h). Figure 2 shows the time courses of blood levels. Total dose (%) in the blood of three mice was compared between the two groups. Absorption in the olive oil group occurred more rapidly than that in the gum arabic group. Two peaks of the blood levels were observed in the olive oil group. The maximum level in the olive oil group was reached at 6 h after dosing of TBZ, and was 7-fold higher than that in the gum arabic group, which reached the maximum at 3 h. Further, blood levels in the olive oil group remained higher than those in the gum arabic group for 96 h. In the period from 6 to 96 h in the olive oil group, two phases in the clearance of "C-TBZ were clearly discernible, with half-lives") of 1.10 h (first) and 23.9 h (second). The blood levels followed the equation: Y= 26.6 exp( 0.631 t) + 2.27 exp( 0.029t) ( Y= total radioactivity in blood, t= hour). In the case of the gum arabic group, the half-lives were 0.65 h (first) and 63 h (second) and the blood levels followed the equation Y= 17.5 exp( 1.059t) 0.34 exp( 0.0110. The areas under the blood curves of total radioactivity') were higher in the olive oil group (52.27 + 35.66% h/g) than in the gum arabic group (9.39 + 2.39% h/g). Table I shows that the radioactivity (%/g) in organs and tissues in the olive oil group was higher at 6 h than in the gum arabic group, except for the intestine. However, at 12 h, the radioactivity in the gum arabic group was higher than in the olive oil group.
Blood Levels
Tissue Distribution
As for the conceptus level, the concentration in the olive oil group was around 0.1 (%/g) or more for the first 24 h, but in the gum arabic group, the maximum conceptus level was higher. In Fig. 2 , blood levels are shown successively with the same mice. Accordingly, individual differences are much more significant in the data of Table I than in Fig. 2 . Figure 3 shows the relationship of blood level to the conceptus level. In the gum arabic group, the greater the blood level, the more the conceptus level was increased. On the other hand, there was no correlation between the blood and conceptus levels in the olive oil group. Table II shows the relationship of the blood levels to the organ and tissue levels ( Y= A X=blood level, Y= organ and tissue level), within 24 h after the oral administration of 14 C-TBZ. In the gum arabic group, the levels of the organs and tissues examined were closely correlated with the blood levels (adipose, p< 0.05; the others, p <0.01), but the correlation was poor in the olive oil group (Table II) . It was clarified from the values of A and B in the equation that the radioactivity in the kidney was inclined to be highest among the organs and The data show the mean of 3 mice for 6, 12 and 24 h, but 4 mice for 72 h. Significance of the difference between the olive oil group and the gum arabic group: a) p < 0.01, b) p < 0.02.
(a) (b) tissues in the gum arabic group (Table II) . When olive oil was used as a vehicle, tissue radioactivities were inclined to persist independently of the blood level. The tissue radioactivities were dependent on the blood level when gum arabic solution was used.
Identification of the Metabolites
TLC of urine samples prepared from pregnant mice on day 6 to day 10 gave four metabolites, A, B and a mixture of conjugates, in solvent system A. Metabolite A in Fig. 4a was identified as TBZ by GC-MS (Fig. 4b) , and metabolite B in Fig. 4a was identified as 5-HY TBZ (Fig. 4b) , because the mass spectrum of the methylated metabolite B was identical with that of authentic 5-methoxy TBZ. The mass spectrum of 5-methoxy TBZ showed the molecular ion at m/z 231 (base peak), and fragment ions appeared at m/z 216 (M CH3) + and at m/z 188. The mixture of the conjugates was rechromatographed on a thin-layer plate using the same solvent system to afford two metabolites, conjugates I and II. Conjugate I showed a white color with metaperiodate-benzidine reagent') on a thin-layer plate but the other did not. The Rf values of metabolites A and B, and conjugates I and II were 0.50, 0.40, 0.25 and 0.06, respectively. Conjugates I and II were hydrolyzed to give metabolite B with sulfatase and /3-glucuronidase, respectively.
The structure of metabolite B was confirmed to be 5-HY TBZ by its "C-NMR spectrum, which showed signals at 155.8 (2'-1), 155.5 (5-C), 148.2 (2-C or 5'-C), 148.0 (2-C or 5'-C), 139.8 (8-C), 135.1 (9-C), 119.1 (4'-C), 117.1 (4-C), 114.1 (7-C), and 100.4 (6-C) ppm.
The urinary samples were fractionated by HPLC. Fraction-15 was analyzed by HPLC and GC-MS ( Fig. 5a and c) . Peak-1 was identified as N-methyl TBZ by GC-MS in comparison with an authentic sample. The identities of TBZ and 5-HY TBZ were also confirmed by comparison with authentic samples, and the latter was isolated from the urinary samples by HPLC on a semi-preparative tiBondapak C18 column (Fig. 5b) , and used in the limb bud cell assay.
Autradiography of thin-layer chromatograms of the fecal metabolites showed the existence of TBZ, 5-HY TBZ, N-methyl TBZ and more polar metabolites than 5-HY TBZ.
The Rf values of TBZ, 5-HY TBZ and N-methyl TBZ were 0.52, 0.45 and 0.80, respectively, in solvent system E.
Paper chromatography of the 24-h urine indicated that nearly all of the radioactivity was present in metabolites of TBZ. The percentages of TBZ, 5-HY TBZ, and the glucuronide and sulfate of 5-HY TBZ with respect to the total radioactivities on the paper were 12-15 , 22 24, 28-29 and 30-31%, respectively, in 24-h urine of each group. The Rf values of TBZ , S-HY TBZ, 5-HY TBZ sulfate and 5-HY TBZ glucuronide were 0.79, 0 .60, 0.43 and 0.23, respectively, in solvent system A. The assay of cartilage proteoglycan in the cell system was carried out as described in Experimental. TP50's of cytosine arabinoside and caffeine were 0.0045 and 3.76 mm, respectively. a) TP50 is the dose of a compound needed to reduce alcian blue staining by 50%.
Assay of Effect of TBZ Metabolites on the Amount of Cartilage Proteoglycan in a Mouse Limb Bud Cell Culture
Teratogenic potentials of the metabolites were estimated and compared as shown in Table III . The data showed that the TP50's of TBZ, 5-HY TBZ and N-methyl TBZ are about 90, 88 and 242 ptm, respectively. However, the conjugated metabolites such as 5-HY TBZ glucuronide and 5-HY TBZ sulfate were very weakly inhibitory on chondrogenesis. The TP50's of these conjugates were over 2 mm (Table III) .
Discussion
Our studies showed that, in mouse, 97% of the dose was recovered in the urine (60%) and feces (37%) within one week after the oral administration of labeled TBZ in olive oil. It was clear that the excretion rates in 24-h urine after the dose of "C-TBZ were higher in the olive oil group than in the gum arabic group (Fig. 1 ), suggesting that the absorption of 14C-TBZ at early times was higher in the olive oil group than in the gum arabic group.
The biphasic absorption was clearly observed in the olive oil group, judging from the time course of blood levels. A biphasic decay was also observed in the two groups. It was apparent that the half-life of the total radioactivity of the first component was longer in the olive oil group than in the gum arabic group (Fig. 2) . Further, the values of the area under the blood curves of total radioactivities varied with the two vehicles, and the ratio of the value of the olive oil group to that of the gum arabic group was ca. 5.6 (Fig. 2) .
Our results showed that radioactivity in the olive oil group tended to be retained in the conceptus, although the blood levels were decreased (Fig. 3 ). There was a high correlation between blood level and tissue/organ level in the gum arabic group but not in the olive oil group (Table II) . However, the reason for this is unclear at present.
From the parameter values in Table II , the radioactivity of "C-TBZ in the gum arabic group tended to be distributed in the kidney, liver, lung, muscle in decreasing order. It was found that the distribution was lower in the conceptus and brain than in other tissues/organs. Toda et al.17 ) also pointed out that the total concentration of TBZ and its metabolites was higher in the kidney than in the liver, but the concentration of TBZ itself was higher in the liver than in the kidney.
The main metabolic pathways of TBZ in mice were similar to those in rats3) as indicated in Chart 1. However, a very small quantity (below 0.1% of the dose) of N-methyl TBZ was detected for the first time in urine and feces. Chart 1.
Metabolic Pathways of TBZ in Mice
The ratios of the free forms such as TBZ and 5-HY TBZ were increased in the mouse urine compared with those in the rat urine. The increase in the unconjugated forms might be due to the difference of the doses between the mice (1300 mg/kg) and rats (25 mg/kg).
3)
The present paper shows that 5-HY TBZ also has an inhibitory action on chondrogenesis, but the conjugates have no inhibitory action below 1 mm. N-Methyl TBZ showed a lower inhibition than TBZ and 5-HY TBZ. Pratt and Willis pointed out that the high concentration ( > 1 mm) in their assay system appeared to have little relevance to animal or human teratogenesis, and presumably represented non-specific effects on the cell, due to the altered osmolarity.18) Yoneyama et al. reported1 9) that the radioactivity in the fetus and placenta was 2-3 fold higher in mice treated with 14C-TBZ suspended in olive oil than in those given TBZ suspended in gum arabic solution.
We consider that teratogenesis was induced by administration of TBZ suspended in olive oil owing to the high concentrations of direct-acting teratogens, such as TBZ and 5-HY TBZ, but not by TBZ suspended in gum arabic solution because of the low concentrations of these free compounds. Studies on the mechanisms of the inhibition of proteoglycan synthesis by TBZ in vivo are in progress.
